ABSTRACT One new genus with a new species assigned to the subfamily Mesohelorinae in the Heloridae, Archaeohelorus hoi, gen. et sp. nov., and two new genera with four new species assigned to the subfamily Mesoserphinae in the MesoserphidaeÑSinoserphus wui gen. et sp. nov.; Sinoserphus shihae, sp. nov.; Sinoserphus lillianae, sp. nov.; and Yanliaoserphus jurassicus, gen. et sp. nov.Ñare described from the Middle Jurassic Jiulongshan Formation of Inner Mongolia, China. Here, we document the earliest fossil records hitherto of helorid and mesoserphid wasps, extending their existence to the Middle Jurassic. It is proposed that Heloridae and Mesoserphidae might have originated from northeastern China. Morphological changes of their antennae, wing venation, and metasoma based on current knowledge are discussed.
Helorids are small (6 Ð 8-mm), robust and usually black, extant wasps with 15-segmented antennae and forewing cell 1mcu small and subtriangular. The Þrst segment of metasoma is distinctly elongated (petiole) and metasomal terga 2Ð 4 fused into syntergite. Heloridae are endoparasitoids of larvae of chrysopid lacewings (Neuroptera: Chrysopidae: Chrysopa spp.). Extant Heloridae is a small and nearly worldwide family containing one genus, Helorus Latreille, 1802, with twelve known valid species mostly in the Palaearctic, Nearctic, Neotropical, Indo-Australian, and Afrotropical regions (van Achterberg 2006) . Fossil records of the Heloridae are fairly rare. Previously, eight fossil genera and 10 species within this family have been described and are summarized in Table 1 . Ren et al. (1995) proposed that it is more appropriate to transfer Mesohelorus Martynov, 1925 and Protohelorus Kozlov, 1968 from Heloridae to Roproniidae because the cell 1mcu in the forewing is not triangular. Zhang and Zhang (2001) agreed with Ren et al. (1995) to assign M. haifanggouensis Wang, 1987 to Roproniidae, due to the wide quadrangular cell 1mcu.
Mesoserphids are small (1.7Ð 8.0 mm as reported, some incomplete specimens may be slightly larger), extinct wasps with 11Ð18 (25 in one reported case) antennal segments and forewing Þrst abscissa Rs and M combined longer than 1cu-a; 2r-rs approximately perpendicular to anterior wing margin; cell 1mcu usually rectangular; venation may be strongly reduced. Hind wing r-m, if developed, departs from M clearly after its forking with Cu; sometimes with short closed cell r developed. Metasoma short, ovoid or spindle-shaped, weakly sclerotized and ovipositor external with different length and forms, sheath not modiÞed (Rasnitsyn 1986b) . Fossil records of the Mesoserphidae are represented by two subfamilies: Mesoserphinae and Karataoserphinae. Previously, 14 fossil genera with 29 species have been described and are summarized in Table 2 . Otlia ectemnia Zhang, 1992 , originally referred to Heloridae (Zhang 1992) , was considered as a member of Mesoserphidae by Zhang and Zhang (2001) . However, O. ectemnia has a triangular cell 1mcu, which is different from all other reported mesoserphids with cell 1mcu usually rectangular. Paraulacus sinicus Ping, 1928 , originally attributed to the Aulacidae (Ping 1928) , was considered as a Mesoserphidae by Pagliano and Scaramozzino (1990) . P. sinicus is poorly preserved and not well-documented.
The Heloridae is one of the 11 extant families of the superfamily Proctotrupoidea, although this is an (unnatural) paraphyletic group. All documented mem- Rasnitsyn (1986b) ?A. cretaceous Turga, Chita Region, Borzinsky District Early Cretaceous 2.7 mm, forewing L: 1.5Ð1.7 and sheath L: 0.5 mm Rasnitsyn (1990) Campturoserphus Rasnitsyn (1986b) C. obscurus Karatau, S. Kazakhstan, Chimkent Region Late Jurassic 2.6 mm/14 seg, forewing L: 1.7 and sheath L: 0.6 mm Rasnitsyn (1986b) C. gibbus Karatau, S. Kazakhstan, Chimkent Region Late Jurassic 2.2 mm/14 seg, forewing L: 1.7 and sheath L: 0.6 mm Rasnitsyn (1986b) C. pumilus Karatau, S. Kazakhstan, Chimkent Region Late Jurassic 2.0 mm/Ͼ13 seg, forewing L: 1.5 and sheath L: 0.45 mm Rasnitsyn (1986b) Mesoserphus Kozlov (1968) Lycoposidas (Lycopodites, Selaginellites), Sphenopsida (Equisetum), Filicopsida (Todites, Coniopteris), and Cycadopsida (Anomozamites) (Mi et al. 1996) . All these paleontological data were interpreted as indicating humid and warm-temperate climate . The accurate Ar-Ar and SHRIMP U-Pb dating shows that the age of intermediate-acid volcanic rocks overlying the Daohugou fossil-bearing beds is ϳ164 Ð165 Mya and that the age of this fossil-bearing beds is older than or equal to 165 Mya (Chen et al. 2004) . Combined with the above-mentioned composition of insect fauna and conchostracans, the age of Daohugou biota is considered as the Middle Jurassic (Bathonian-Callovian boundary) (Zhang and Shen 1987; Ren et al. 1995 Wang 2000; Shen et al. 2003; Gao and Ren 2006) .
Materials and Methods
All the materials have been collected near Daohugou Village, Shantou Township, Ningcheng County, Inner Mongolia, China; the Middle Jurassic (Bathonian-Callovian boundary). The specimens were examined dry or under alcohol using a M165 C dissecting microscope (Leica) and are illustrated with the aid of a drawing tube attachment. All fossil specimens are housed in the Key Lab of Insect Evolution & Environmental Changes, College of Life Sciences, Capital Normal University, Beijing, China. Morphological terminology and the system used here follow those of Huber and Sharkey (1993) and Zhang and Rasnitsyn (2004 Remarks. Archaeohelorus can be attributed to Mesohelorinae for its pronotum medially long, not strongly fused with mesothroax; 2r-rs of forewing longer than the width of pterostigma; and Þrst segment of metasoma transverse or conical, not forming a long narrow tubular structure (Rasnitsyn 1990) . Compared with other fossil helorids, Archaeohelorus resembles Laiyanghelorus the most but can be differentiated by differences in forewing venation and metasoma. ArchaeohelorusÕ 2r-rs is slightly oblique apicad and 1-Rs as long as 1-M versus LaiyanghelorusÕ 2r-rs signiÞcantly oblique apicad and 1-Rs twice as long as 1-M. Compared with Gurvanhelorus (preserved forewing only), ArchaeohelorusÕ 1cu-a is in line with 1-M, but GurvanhelorusÕ 1cu-a is distal with 1-M and 2r-rs signiÞcantly oblique apicad. In addition, ArchaeohelorusÕ M and Rs branching at ϳ40% from 1m-cu of the length between 1m-cu and 2r-rs, whereas Gurvanhelorus at ϳ50% of the length between 1m-cu and 2r-rs. Archaeohelorus is distinguished from Mesohelorus Martynov, 1925 and Protohelorus Kozlov, 1968 because cells 1mcu of these two genera in the forewing are not triangular. Other detailed comparisons are presented in the Discussion.
Etymology. The generic name is a combination of the preÞx "Archaeo" (a Greek word for ancient) and the type genus "Helorus." Gender masculine. Figs. 2A and 3A) . Head large relative to mesosoma in width. Eyes large at both ends of head.
Archaeohelorus hoi
Antennae Þliform, thick, and long with 16 segments (Figs. 2A and D and 3A) , longer than head and mesosoma combined, reaching middle of the third metasomal segment. Scape swollen and bell-shaped; pedicel short and quadrate; Þrst ßagellomere cylindrical with a ring-like anellus (Fig. 2E ), longer than scape and pedicel combined; subsequent ßagellomeres gradually decreasing in length from base to apex, but terminal ßagellomere longer than preceding segments.
Mesosoma suboval and slightly broader than head; pronotum narrow anteriorly; mesoscutum trapezoidal with notauli robust and concave; tegula triangular; scutellum broad with two rows of pits; metanotum relatively wide; propodeum areolated.
Metasoma suboval with seven segments; Þrst metasomal segment transverse with several longitudinal ridges; second segment trapezoidal with less longitudinal ridges anteriorly; other ones smooth; the male terminalia, triangular-shaped, is partially covered by the seventh segment. (Figs. 2B and 3A) .
Forewing broad, short and subtriangular. Pterostigma long and acute apically, not widened beyond mid-length (Figs. 2C and 3B). C robust and extending to apex of forewing. 2r-rs arising from basal one third of pterostigma, slightly oblique apicad, length 1.5 times as long as pterostigmal width. R robust, cell r closed and triangular; Rs straight and intersecting with distal part of C. Cell 1ϩ2r six-sided and surrounded by R, 1-Rs, 1-RsϩM, 2-RsϩM, 2-Rs, and 2r-rs. MϩCu straight and distinct; M and Cu distinct, almost straight. 1-Rs as long as 1-M and slightly inclined toward wing base. Cell 1mcu small and subtriangular. 1cu-a and 2cu-a distinct and reaching A. 1cu-a in line with 1-M; and 2cu-aintersecting Cu and RsϩM at the same point. Hind wing with only C present along anterior wing margin.
Left foreleg with only femur and tibia partially preserved. Left midleg with partial coxa, triangular trochanter, oval trochantellus, and spindle-shaped femur. Left hindleg with trochantellus trapezoidal and small, robust spindle-shaped femur, and partially preserved tibia.
Measurements. Head length 0.91 mm, width 1.29 mm; mesosoma length 1.88 mm, width 1.32 mm; metasoma 2.33 mm long; lengths of metasomal segments are 0.19, 0.35, 0.4, 0.27, 0.3, 0.3 and 0.52 mm; body length 5.12 mm; antennal length 3.2 mm; forewing length 3.17 mm, width Ͼ1.25 mm.
Allotype Female. Head, mesosoma and forewing venation same as holotype with the exception that 1cu-a is in line with 1-M in holotype but slightly postfurcal in allotype. Total body length of 8.04 mm (Figs. 2F and G and 3C and D) . Antennae Þliform, thick with 17 segments, excluding an anellus on Þrst ßagellomere, longer than head and mesosoma combined. Pronotum medially long and narrow anteriorly. Metasoma six segments, Þrst segment is slightly conical and streamlined with the rest of metasoma, Þrst and second segments with longitudinal ridges, third and fourth segments quadrate with a line of small tubercula anteriorly, terminal one arched and smooth (Fig. 2H) . On the counterpart, sixth sternum and genitalia discernible (Figs. 2G and 3D); ovipositor robust, short, and blunt distally at the hind margin of the six sternum (Figs. 2H and 3D) . Hindleg femur robust and spindleshaped; tibia swollen distally; tarsi with Þve segments, the Þrst longest and two claws at the end.
Measurements. Head length 0.96 mm, width 1.8 mm; mesosoma length 3.68 mm, width 1.8 mm; metasoma 3.40 mm long; lengths of metasomal segments are 0. 42, 0.81, 0.79, 0.65, 0.41, and 0.32 mm (dorsal part, Figs. 2F and 3C) ; body length 8.04 mm; antennal length ϳ4.9 mm; forewing length 5.2 mm, width 2.6 mm.
Type Materials. Holotype, male, CNU-HY-NN2008005. A well-preserved almost complete body with antenna, both wings and part of legs. Allotype, female, CNU-HY-NN2008007p/c, part and counterpart. A well-preserved almost complete body with antennae, both wings and part of legs; Paratypes: CNU-HY-NN2008006, dorsal view, male, a well-preserved almost complete body with only right wing visible and right hind leg complete, but antennae missing; CNU-HY-NN2008008, dorsal view, a well-preserved almost complete body with antennae, both wings and part of legs; CNU-HY-NN2008009, lateral view, a well-preserved almost complete body with antennae and part of legs, both wings not discernible but cell 1mcu triangular clear; CNU-HY-NN2008010, dorsal view, a well-preserved almost complete body, both wings and part of legs; CNU-HY-NN2008011, dorsal view, female, a well-preserved almost complete body with part of antennae and legs, both wings incomplete and CNU-HY-NN2008012, dorsal view, a well-preserved almost complete body with part of antennae and legs, both wings discernible.
Locality and Age. Jiulongshan Formation, Middle Jurassic, Daohugou Village, Shantou Township, Ningcheng County, Inner Mongolia, China.
Etymology. The speciÞc name is dedicated to Dr. Teh Chung Ho for dedication and contribution to science and engineering, especially on catalysis; for providing guidance, mentorship, and inspiration to C.-K.S.; and for effort in improving English writing of the book Silent StoriesÐInsect Fossil Treasures from Dinosaur Era of the Northeastern China .
Family Mesoserphidae Kozlov, 1970
Subfamily Mesoserphinae Kozlov, 1970 Genus Sinoserphus Shih, Feng et Ren, gen. nov. Type Species. Sinoserphus wui sp. nov. Diagnosis. Antennae with 19 Ð22 segments, longer than head and mesosoma combined. Metasoma with seven or eight segments for male and eight for female. Forewing with complete venation, pterostigma long and narrow; 2r-rs 1.5Ð2.1 times as long as pterostigmal width; Þrst abscissa of Rs (1-Rs) from one third of to as long as or slightly longer than that of M (1-M); cell 1mcu small and rectangular with basal section of M (1-M) as long as or longer than 1m-cu; and 1cu-a and 2cu-a distinct, reaching A, 1cu-a in line with the basal section of M (1-M); and 2cu-a in line with 1m-cu. Hind wing, if well-preserved, with the following tubular veins: C, R, MϩCu, Cu, M, and r-m; cell r absent.
Included Species. The type species, S. shihae, sp. nov., and S. lillianae, sp. nov.
Remarks. Sinoserphus can be attributed to Mesoserphidae by these characters: antennae with 19 Ð22 segments; in forewing, 1-Rs and 1-M combined longer than 1cu-a; pterostigma elongated; cell 3r triangular; Rs straight or almost straight, not shortened; 2r-rs slightly oblique apicad; cell 1mcu rectangular or 1-M slightly longer than 1m-cu; Cu without clear bending near 1m-cu. In hind wing r-m, if developed, departs from M clearly after its fork with Cu. Metasoma short, ovoid or spindle-shaped, weakly sclerotized; ovipositor external (Kozlov 1970 , Rasnitsyn 1986b . Sinoserphus can be attributed to Mesoserphinae by hind wing without cell r; r-m, if developed, from R is directed basal, often reaching M; a free M often developed (Kozlov 1970 , Rasnitsyn 1994 . Compared with other fossil mesoserphids in Mesoserphinae, Sinoserphus resembles Mesoserphus Kozlov, 1968 the most, but can be distinguished by differences in forewing venation. SinoserphusÕs 1-Rs from one third of to as long as 1-M and forking of RsϩM is located approximately one fourth to one third of the distance between 1m-cu and 2r-rs versus MesoserphusÕ 1-Rs is Ϸ2 times as long as 1-M and forking of RsϩM is located approximately one Þfth of the distance between 1m-cu and 2r-rs. Sinoserphus can be differentiated from Turgoserphus by TurgoserphusÕ forking of RsϩM is located approximately midway between the 1m-cu and 2r-rs, 1m-cu distal, 1cu-a distinctly postfurcal. Furthermore, Sinoserphus can be easily distinguished from other genera of Mesoserphinae due to other genera having much smaller body size and reduced forewing venation such as 1m-cu, part of Rs, M, and/or part of RsϩM. Sinoserphus can be differentiated from Cretoserphus (subfamily not assigned) by CretoserphusÕ Cu including MϩCu not entirely straight, although keeping general direction well; 1cu-a distinctly postfurcal; hind wing with cell r rudimentary.
Etymology. The generic name is a combination of the preÞx "Sino" (China) and the type genus "Mesoserphus". Gender feminine.
Sinoserphus wui Shih, Feng et Ren, sp. nov. (Fig. 4AÐI) Diagnosis. In addition to the generic diagnosis, forewing 2r-rs arising from distal one third of pterostigma, slightly oblique apicad; Þrst abscissa of Rs (1-Rs) as long as that of basal section of M (1-M); 1cu-a in line with the basal section of M (1-M); and 2cu-a intersecting Cu in line or slightly basal with 1m-cu.
Holotype Male. Body length is 7.7 mm (Fig. 4AÐD ). Head round and medium (relative to mesosoma in width). Eyes large, ovoid and on either side of the head.
Antennae Þliform, thick, and long with 14 segments as preserved. Scape swollen and bell-shaped; pedicel short and quadrate; Þrst ßagellomere cylindrical, longer than scape and pedicel combined; subsequent ßagellomeres gradually decreasing in length from base to apex.
Mesosoma subhexagonal and broader than head; pronotum distorted and narrower than head; mesoscutum trapezoidal with notauli comprising of pits; tegula large and subtriangular; scutellum round with pits anteriorly; propodeum narrow, long and areolated.
Metasoma long oval with seven segments, Þrst segment narrow with several longitudinal ridges; second to Þfth segments with many pits anteriorly; seventh segment partially overlapped with sixth segment, probably due to post mortem decomposition.
Forewing complete, with long pterostigma, acute apically, not widened beyond mid-length (Fig. 4AÐD) . C robust and extending to apex of forewing. 2r-rs arising from distal one third of pterostigma, slightly oblique apicad, length more than two times as long as pterostigmal width. R robust, cell r closed and triangular; Rs straight and intersecting with distal C. Cell 1 ϩ 2r Þve-sided and surrounded by R, 1-Rs, 1-RsϩM, (2-RsϩM)ϩ(2-Rs), and 2r-rs. MϩCu straight and distinct; M and Cu distinct, straight, reaching outer and posterior margins of wing. 1-Rs as long as 1-M and inclined toward wing base. Cell 1mcu small and foursided with 1-M as long as 1m-cu; 1cu-a and 2cu-a distinct and reaching A. 1cu-a in line with the 1-M; and 2cu-a intersecting Cu in line or slightly basal with 1m-cu. Hind wing with tubular veins C, R, MϩCu, M, Cu and r-m; cell r absent.
Measurements. Head length 0.84 mm, width 1.24 mm; mesosoma length 3.2 mm, width 1.6 mm; metasoma 4.0 mm long; lengths of metasomal segments are 0.58, 0.62, 0.58, 0.57, 0.58, 0.62 and 0.61 mm; body length 7.7 mm; forewing length 5.0 mm, width 2.2 mm.
Allotype Female. Venation and legs same as holotype. 1-M slightly longer than 1m-cu probably due to distortion of fossil matrix. Head large and oval. Antennae complete with 19 segments. Body darker, stronger and smoother than holotype; pronotum short in lateral view; mesoscutum trapezoidal; metasoma with eight terga visible, eighth one shortest, second to Þfth sterna discernible, partially overlapped with corresponding terga, hypopygium long (longer than sixth, seventh, and eighth terga combined), straight and acuminate. Two cerci visible. Ovipositor long, straight, spindle-shaped. Sheathes of ovipositor long, straight, stick-shaped, covered by hypopygium partially.
Measurements. Head length 1.17 mm; mesosoma length 3.65 mm; metasoma 5.92 mm long; lengths of metasomal segments are 0.87, 0.83, 0.77, 0.66, 0.83, 0.69, 0.77 and 0.5 mm; body length 10.74 mm; forewing length 8.29 mm, width Ͼ3.0 mm; ovipositor 2.02 mm long, sheath 2.11 mm long, hypopygium ϳ2.76 mm.
Type Materials. Holotype, male, CNU-HY-NN2008002 p/c, part and counterpart, a well-preserved complete body with partial antennae, an almost complete wing and legs. Allotype, female, CNU-HY-NN2008013, lateral view, a well-preserved almost complete body with antennae and most of legs, right wing discernable (Fig. 4EÐG) . Paratype, female, CNU-HY-NN2008004, a well-preserved complete body with antennae, partial wings and part of legs ( Fig.  4H and I) .
Etymology. The speciÞc name is dedicated to James Wu for providing guidance, friendship, and inspiration to C.-K.S.
Sinoserphus shihae Shih, Feng et Ren, sp. nov. (Fig. 5A and B) Diagnosis. In addition to the diagnostic characters listed in the generic diagnosis, forewing 2r-rs arising from about middle of pterostigma, slightly oblique apicad; Þrst abscissa of Rs (1-Rs) one third as long as that of basal section of M (1-M); 1cu-a in line with the basal section of M (1-M); and 2cu-aintersecting Cu in line or slightly basal than 1m-cu. Holotype Female. Body length is 12.8 mm (Fig. 5A  and B) . Head oval and large (relative to mesosoma in width). Eyes large, kidney-shaped and on either side of head.
Antennae Þliform, thick, and long with 22 segments, longer than head and mesosoma combined, reaching the beginning of third metasomal segment. Scape large and quadrate; pedicel near square; Þrst segment longest; subsequent ßagellomeres gradually decreasing in length from base to apex, but terminal ßagellomere longer than preceding segments.
Mesosoma subhexagonal and broader than head; pronotum long and narrower than head; mesoscutum broad with weak notauli; propodeum wide without areolation.
Metasoma long oval with eight terga discernable; Þrst segment trapezoidal and longest; second to Þfth segments with weak pits anteriorly; Þfth segment rectangular, shorter than Þrst one but widest; eighth segment shortest. Hypopygium triangular, longer than sixth, seventh and eighth segments combined. Trace of ovipositor preserved on hypopygium. Note that an overlapping conchostracan covers part of the terminalia on the left side (Fig. 5A) .
Forewing complete, with long pterostigma, acute apically, not widened beyond mid-length ( Fig. 5A  and B) . 2r-rs arising from about middle of pterostigma, slightly oblique apicad, length 1.8 times as long as pterostigmal width. C long and extending to apex of forewing. R robust, cell r closed and triangular; Rs straight reaching distal C. Cell 1 ϩ 2r Þve-sided and surrounded by R, 1-Rs, 1-RsϩM, (2-RsϩM)ϩ(2-Rs), and 2r-rs. MϩCu straight and distinct; M and Cu distinct, slightly curved posteriorly, reaching outer and posterior margins of wing. 1-Rs one third as long as 1-M. Cell 1mcu small and foursided with 1-M longer than 1m-cu; 1cu-a and 2cu-a distinct and reaching A. 1cu-a in line with 1-M; and 2cu-aintersecting Cu in line (on right wing) with and slightly basal (on left wing) than 1m-cu. Hind wing with tubular veins C, R, MϩCu, Cu, M, and r-m; cell r absent.
Measurements. Head length 1.12 mm, width 2.4 mm; mesosoma length 4.47 mm, width 2.97 mm; metasoma 7.25 mm long; lengths of metasomal segments are 1. 36, 0.79, 0.75, 0.76, 0.84, 0.53, 0 .44 and 0.11 mm; hypopygium 1.67 mm long; ovipositor Ϸ1.57 mm long; body length 12.6 mm; antennal length 7.1 mm; forewing length 10.35 mm, width 3.8 mm.
Remarks. Compared with S. wui, S. shihae is different by its larger body size and 1-Rs one third as long as 1-M, 1cu-a in line with 1-M and 2cu-aintersecting Cu in line (on right wing) with and slightly basal (on left wing) than 1m-cu.
Type Materials. Holotype, female, CNU-HY-NN2008001. A well-preserved almost complete body with antennae, both wings and parts of legs.
Locality and Age. Jiulongshan Formation, Middle Jurassic, Daohugou Village, Shantou Township, Ningcheng County, Inner Mongolia, China. Etymology. The speciÞc name is dedicated to Dr. Zong Huai Shih for dedication and contribution to nanotechnology and for providing guidance and inspiration to C.-K.S.
Sinoserphus lillianae Shih, Feng et Ren, sp. nov.
( Fig. 5C and D) Diagnosis. In addition to the generic diagnosis, forewing 2r-rs arising from about middle of pterostigma, slightly oblique apicad; Þrst abscissa of Rs (1-Rs) half as long as that of basal section of M (1-M); 1cu-a in line or slightly distal of the basal section of M (1-M); and 2cu-a intersecting Cu in line with 1m-cu.
Holotype Male. Body length is 7.9 mm ( Fig. 5C and  D) . Head oval and medium (relative to mesosoma in width). Eyes small, round and widely separated at each side of the head. Antennae Þliform, thick, with nine segments preserved.
Mesosoma suboval and broader than head; pronotum long and narrower than head; mesoscutum broad with notauli comprising of weak pits; propodeum areolated.
Metasoma long oval with eight segments, Þrst segment trapezoidal and narrow; second to Þfth segments with weak pits anteriorly; sixth segment longest; seventh segment trapezoidal; terminal segment shortest and blunt apically.
Forewing complete, with long pterostigma, acute apically, not widened beyond mid-length ( Fig. 5C and  D) . 2r-rs arising from about middle of pterostigma, slightly oblique apicad, length two times as long as pterostigmal width. C long and extending to apex of forewing. R robust, cell r closed and triangular; Rs straight reaching distal C. Cell 1ϩ2r Þve-sided and surrounded by R, 1-Rs, 1-RsϩM, (2-RsϩM)ϩ(2-Rs), and 2r-rs. MϩCu straight and distinct; M and Cu distinct, slightly curved posteriorly, reaching outer and posterior margins of wing. 1-Rs half as long as 1-M. Cell 1mcu small and four-sided with 1-M longer than 1m-cu; 1cu-a and 2cu-a distinct and reaching A on the right wing. 1cu-a in line or slightly distal of 1-M; and 2cu-a intersecting Cu in line with 1m-cu. Hind wing with tubular C and R.
Measurements. Head length 0.67 mm, width 1.48 mm; mesosoma length 3.0 mm, width 1.95 mm; metasoma 4.38 mm long; lengths of metasomal segments are 0.74, 0.49, 0.56, 0.45, 0.5, 0.78, 0.49 and 0.34 mm; body length 7.9 mm; forewing length 5.4 mm, width 2.4 mm.
Remarks. Compared with S. wui, S. lillianae is different by 1-Rs half as long as 1-M, 1cu-a in line or slightly distal of 1-M and 2cu-a intersecting Cu in line with 1m-cu. Compared with S. shihae, S. lillianae is different by 1-Rs half as long as 1-M and having cells 1 ϩ 2r and 1mcu relatively short.
Type Materials. Holotype, male, CNU-HY-NN2008003 p/c, part and counterpart. A well-preserved complete body with both wings and parts of antennae and legs.
Etymology. The speciÞc name is dedicated to Dr. Lillian Labowsky for dedication and contribution to chemistry and education and for providing friendship and inspiration to C.-K.S.
Genus Yanliaoserphus Shih, Feng et Ren, gen. nov.
Type Species. Yanliaoserphus jurassicus sp. nov. Diagnosis. Antennae with 16 or 18 segments. Metasoma with seven segments for male. Forewing with complete venation, pterostigma long and narrow; 2r-rs 1.3 times as long as pterostigmal width; Þrst abscissa of Rs (1-Rs) as long as that of M (1-M); cell 1mcu rectangular with basal section of M (1-M) as long as 1m-cu; 1cu-a and 2cu-a distinct; 1m-cu distal, 1cu-a distal and both are short; forking of RsϩM is located approximately one Þfth of the distance between the 1m-cu and 2r-rs. Hind wing with the following tubular veins: C, R, MϩCu, Cu, M, and r-m; cell r absent.
Included Species. The type species only. Remarks. Yanliaoserphus can be attributed to Mesoserphidae by these characters: antennae with 16 or 18 segments; in forewing, 1-Rs and 1-M combined longer than 1cu-a; pterostigma elongated; cell 3r triangular; Rs straight or almost straight, not shortened; 2r-rs slightly oblique apicad; cell 1mcu rectangular; Cu without clear bending near 1m-cu. In hind wing, r-m, if developed, departs from M clearly after its fork with Cu. Metasoma spindle-shaped, weakly sclerotized (Kozlov 1970 , Rasnitsyn 1986b . Yanliaoserphus can be attributed to Mesoserphinae by hind wing without cell r; r-m, if developed, from R is directed basal, often reaching M; a free M often developed (Kozlov 1970 , Rasnitsyn 1994 .
Compared with other fossil mesoserphids in Mesoserphinae, Yanliaoserphus resembles Turgoserphus Rasnitsyn, 1990 and Sinoserphus gen. nov. the most. But, it can be distinguished from Turgoserphus by differences in forewing venation: 2r-rs arising from distal one third (versus near tip for Turgoserphus) of pterostigma; forking of RsϩM is located almost one Þfth (versus one half) between the 1m-cu and 2r-rs; and clear preservation of hind wing venation (versus hind wing not preserved). Yanliaoserphus can be differentiated from Sinoserphus by 16 Ð18 antennal segments (versus 19 Ð22 for Sinoserphus); 2r-rs 1.3 times of pterostigma width (versus 1.5Ϫ2.1 times); 1m-cu distal, 1cu-a distal (versus 1cu-a in line with 1-M; and 2cu-a in line with 1m-cu). Furthermore, Yanliaoserphus can be easily distinguished from other genera of Mesoserphinae due to other genera having much smaller body size and reduced forewing venation such as 1m-cu, part of Rs, M and/or part of RsϩM.
Etymology. The generic name is a combination of the preÞx "Yanliao" for the Yanliao Biota and the type genus "Mesoserphus." Gender feminine.
Yanliaoserphus jurassicus Shih, Feng et Ren, sp. nov. (Fig. 6AÐF) Holotype Male. Body length is 5.9 mm without genitalia (Fig. 6AÐD) . Head oval and large (relative to mesosoma in width). Eyes large, on either side of head.
Antennae Þliform, thick, and long with 16 segments on the left, 18 on the right, longer than head and mesosoma combined, reaching the end of Þrst metasomal segment. Scape large and quadrate; pedicel near square; Þrst segment long, as long as pedicel and scape combined; subsequent ßagellomeres gradually decreasing in length from base to apex.
Mesosoma slightly broader than head; pronotum short dorsally and narrower than head; mesoscutum subquadrate with two notauli; tegula large and triangular; propodeum areolated.
Metasoma long oval with seven segments discernable; Þrst segment trapezoidal, rugose and longest; second to seven segments smooth, from trapezoidal to rectangular, seventh segments trapezoidal, third to seven segments nearly equal in length. Genitalia extruded, basal ring, parameres and aedeagus discernable ( Fig. 6E and F) .
Forewing near complete, with long pterostigma, acute apically, not widened beyond 2r-rs (Fig. 6AÐD) . 2r-rs arising from about distal one third of pterostigma, slightly oblique apicad, length 1.5 times as long as pterostigmal width. C long and extending to apex of forewing. R robust, cell r closed and triangular; Rs straight reaching distal C. Cell 1 ϩ 2r Þve-sided and surrounded by R, 1-Rs, 1-RsϩM, (2-RsϩM)ϩ(2-Rs), and 2r-rs. MϩCu straight and distinct; M and Cu distinct, straight, not reaching outer and posterior margins of wing as preserved. 1-Rs as long as 1-M. Cell 1mcu small and rectangular with 1-M as long as 1m-cu; both 1cu-a and 2cu-a distinct; 1cu-a distal with 1-M; and 2cu-aintersecting Cu basal than 1m-cu. Hind wing with the following tubular veins: C, R, MϩCu, Cu, M, and r-m; cell r absent.
Measurements. Head length 0.78 mm, width 1.1 mm; mesosoma length 1.8 mm, width ϳ1.15 mm; metasoma Etymology. The speciÞc name is for the age of this fossil specimen.
Discussion
The new helorid and mesoserphid fossil species described from the Middle Jurassic (Bathonian-Callovian boundary ϳ165 Mya.) Jiulongshan Formation of Inner Mongolia, China, are the earliest fossil records up to date, extending our knowledge of their existence to the Middle Jurassic.
Based on this new Þnding, previously described fossil helorids from the Late Jurassic to the Early Cretaceous (Table 1) A. hoi has metasoma with six segments for female, seven segments for male and Þrst metasomal segment transverse with several longitudinal ridges. Laiyanghelorus erymnus has metasoma with six segments and Þrst metasomal segment trapezoid and long. Protocyrtus trugensis has several longitudinal ridges on the Þrst metasomal segment and visible metasomal segmentation. P. validus has Þrst metasomal segment transversely ovoid and twice broader than long with several longitudinal ridges and second large and bell-shaped with segmentation vestige present. Conohelorus stenocerus has second metasomal segment large and bell-shaped with vestigial segmentation present. The Þrst metasomal segment of extant Heloridae is distinctly elongated (petiole) and metasomal terga 2Ð 4 fused into syntergite.
Heloridae fossils have clear presence of Þrst abscissa of Rs and cell 1mcu narrow, small and subtriangular. For A. hoi, the length of Þrst abscissa of Rs is as long as that of M. P. validus, P. trugensis and L. erymnus have Þrst abscissa of Rs twice as long as that of M, whereas S. coronata has Þrst abscissa of Rs greatly longer than that of M. C. stenocerus, Obconohelorus obconicus and Gurvanhelorus mongolicus have Þrst abscissa of Rs as long as that of M. In contrast, the Þrst abscissa of Rs is partially or totally absent for extant Heloridae. The length of Þrst abscissa of Rs (if existing) is approximately one third as long as to slight shorter than that of M resulting in a broad and short triangular 1mcu cell for extant Heloridae.
Fossil Mesoserphidae wasps from the Middle Jurassic also have signiÞcant morphological differences when compared with those of other ages. S. wui and S. shihae have antennae with 19 and 22 segments respectively, whereas Y. jurassicus has 16 or 18. The numbers of antennal segments for other species of Mesoserphidae, ranging from 14 to 16, with one case each for 13, 17, and 25, are listed in Table 2 .
S. wui, S. shihae, and S. lillianae and Y. jurassicus have long and spindle-shaped metasoma with seven to eight segments, Þrst metasomal segment trapezoidal with longitudinal ridges; second to fourth segments, some having a line of small pits anteriorly, and the terminal segment short. Turgoserphus sphenogasterÕs metasoma is expanded apically, widest before apex, Þrst metasomal segment trapezoidal, and Þrst and second metasomal segments with thin longitudinal ridges anteriorly. OxyuroserphusÕ metasoma has a long cone starting from the sixth tergite, and terga with coarse sculpture. Beipiaoserphus elegansÕ metasoma has seven segments with terminal one as long as Þrst and subtriangular. Other genera all have metasoma oval or spindle-shaped without coarse sculpture.
For S. wui, the length of Þrst abscissa of Rs is as long as that of M; for S. lillianae, the length of Þrst abscissa of Rs is one half as long as that of M, and for S. shihae the length of Þrst abscissa of Rs is one third as long as that of M. For Y. jurassicus, the length of Þrst abscissa of Rs is as long as that of M. For most of other genera of Mesoserphidae, the length of Þrst abscissa of Rs is as long as that of M except for Mesoserphus karatavicus with Þrst abscissa of Rs Ϸ2 times as long as that of M and for Beipiaoserphus elegans, Þrst abscissa of Rs 1.8 times as long as that of M.
Forewing venations of the extinct Heloridae and Mesoserphidae, both families of Proctotrupoidea, show similar basic venational characteristics as those of fossil pelecinids, i.e., Archaeopelecinus tebbei Shih, Liu et Ren 2009 , A. jinzhouensis Shih, Liu et Ren 2009 , and Cathaypelecinus daohugouensis Shih, Liu et Ren 2009 , but with some minor differences. In fact, fossils of Heloridae and Mesoserphidae described above had very similar venations as those of A. tebbei and A. jinzhouensis (triangular 1mcu cell) and C. daohugouensis (nearly trapezoidal 1mcu cell). This similarity not only supports MasnerÕs grouping of these three families mentioned above (Masner 1993 ) but also suggests that these three families were derived from a more basal ancestor group and by the Middle Jurassic, these wasps were well diversiÞed. Thus, over the past Ϸ165 M years, these venation characteristics of Rs 1 reaching anterior margin, Rs 2 absent and without the "X" pattern as in the extant pelecinids , cell 1mcu triangular, and a single M vein supporting a broad wing surface area has been proven to be an evolutional example of "right for the Þrst time" for small helorids with total body size in the range of ϳ5Ð10 mm.
Extant Heloridae are endoparasitoids of larvae of chrysopid lacewings (Chrysopa species). Many fossils of chrysopid, green lacewings (Chrysopa species), have been found in the Daohugou beds of the Jiu-longshan Formation. However, no fossil records so far found in Daohugou could provide direct evidence in demonstrating these endoparasitic relationships for fossil Heloridae.
